ABSTRACT
Introduction
Glaucoma, which is characterized by retinal ganglion cell (RGC) apoptosis, is the prominent cause of blindness. RGC apoptosis may be the result of increased intraocular pressure, neurotoxicity and apoptosis [1] , extracellular matrix (ECM) changes [2] , oxidative stress [3] , and hypoxia due to ocular and systemic vascular dysregulation [4] .
Hepcidin prohormone (Hep) is a small peptide produced in the liver. Human Hep is produced from an 84 amino acid precursor, including a putative single peptide. Hep is an important peptide hormone that plays a critical role in the regulation of iron efflux from numerous cell types, including intestinal cells, macrophages, and hepatocytes (iron homeostasis). Hep binds to and induces the degradation of ferroportin, an iron exporter expressed in specific cell types, as the receptor for this iorn-regulatory hormone. [5] The binding of hepcidin to ferroportin lesds internalization of the iron exporter with subsequent degradation in lysosomes.
Hep is responsible for iron homeostasis, decreasing iron uptake from the intestine, and release from the liver in conditions of iron overload. Conversely, Hep syntheses are decreased in iron deficiency, resulting in increased iron uptake from the intestine and release from liver stores [6] .
A recent study found that Hep is expressed in Muller cells, photoreceptor cells, and retinal pigmented epithelium (RPE) in an expression pattern similar to that of ferroportin, suggesting that this transporter may play an Hepcidin Prohormone Levels in Patients with Primary Open-Angle Glaucoma
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OJOph 19 obligatory role in the maintenance of iron homeostasis within the retina. Muller cells play a critical role as a support cell to retinal neurons to maintain normal retinal function. The increase in Hep expression correlates with a decrease in ferroportin expression, as well as an increase in oxidative stress and apoptosis, as would be expected from an increase in intracellular iron resulting from decreased iron export [7] .
In the present study, we measured the aqueous humor and plasma levels of Hep, in patients with primary openangle glaucoma (POAG) and senile non-pathological cataract. In addition, we assessed their relation with the severity of POAG.
Patients and Methods

Study Design
This was a case-controlled prospective study. After explaining the details of the study, we obtained written informed consent from all patients before enrollment. The study was approved by El-Nour center for eye surgery and LASIK, trust ethics committee and was carried out in accordance with the Declaration of Helsinki (1989) of the world medical association.
Patients
Sixty patients with POAG whose age ranged from 51 to 70 years, were scheduled for glaucoma filtering surgery. The control group consisted of 45 non-pathological cataract patients, whose age ranged from 53 to 75 years were scheduled for cataract surgery.
Full ophthalmic examination for POAG and control subjects was done including: assessing visual acuity, slitlamp anterior and posterior segment biomicroscopy, intraocular pressure (IOP) measurement by Goldmann applanation tonometry. In addition, patients with glaucoma were subjected to gonioscopy using Goldmann three mirror contact lens, 24-2 program Humphrey visual field analyzer (Humphrey Instruments, San Leandro, CA, USA), and estimation of cup/disc ratio. A detailed medical history included age, gender, glaucoma medications, systemic hypertension, systemic medications, and previous ocular surgery or laser treatment was recorded.
Inclusion criteria were: 1) POAG patients with medically uncontrolled IOP, correlated visual field loss, and glaucomatous optic nerve head changes criteria (scheduled for trabeculectomy), 2) cataract patients had senile cataract, normal IOP and did not receive any topical medications (scheduled for phaco-emulsification), 3) systemic blood pressure measured should be systolic blood pressure ≤ 140 mmHg and diastolic blood pressure ≤ 90 mmHg.
The IOP measurements were measured at least five times on different times of the day from 8 AM to 5 PM.
Highest and lowest measured IOP values were used to determine IOP diurnal range. The visual field categories were: 1) normal, 2) mild, an arcuate defect, 3) moderate, abnormal in one hemifield and not within 5 degrees of fixation, and 4) severe, abnormal in both hemifields or within 5 degrees of fixation. Classification of visual field loss was done the basis of the last reliable Humphrey visual field tests before elective ocular surgery.
Exclusion criteria were: 1) patients with any type of glaucoma except POAG such as normotensive glaucoma, ocular hypertensive, angle-closure glaucoma, secondary glaucoma, pigment dispersion or exfoliation glaucoma, 2) patients with previous intraocular surgery, and laser surgery, 3) diseases that could influence Hep levels such as hepatic disease, hematological and autoimmune disorders, medications (iron preparations, chemotherapeutics agents, vitamins), and 4) patients with a family history of glaucoma were excluded from the control group.
Sixty patients with POAG were on topical anti-glaucomatous therapy classified as follow: 25% (15 = 60) were on beta blocker, 25% (15 = 60) on prostaglandin analog, 30% (18 = 60) on carbonic anhydrase inhibitor, and 37% (22 = 60) on alpha agonist.
Sample Collection
Aqueous humor sampling: Aqueous humor samples were obtained from each patient requiring either elective glaucoma surgery or cataract surgery. Aqueous humor of 100 -200 µl was collected at the beginning of surgery through a clear corneal paracentesis of the anterior chamber with a 27 gauge needle attached to a tuberculin microsyringe before any tissue manipulation. Blood contamination was meticulously avoided. Aqueous humor samples were immediately centrifuged and stored at −20˚C untill processing for the subsequent biochemistry techniques. All samples were protected from light.
Blood sampling: Five milliliter fasting (for at least 12 hours) venous blood samples were drawn from an antecubital vein without any anticoagulant from the participants just before operation. Each blood sample was stored in chilled tubes containing ethylene diamine tetra acetic acid (1 mg/ml of blood) and citrate (3.2% Sodium citrate). The samples were centrifuged at 3000 rpm for 5 minutes at 4˚C and the separated plasma was rapidly frozen for storage until the time of assay.
Asaay
Hepcidin prohormone level in aqueous humor and plasma was measured by enzyme-linked immunosorbent assay (ELISA) using the DEMEDITEC GmbH (Lot: RN-24429; Kiel-Wellsee, Germany) kit. This kit based on the Biotin double antibody sandwich. The prepared samples added to the standards together with second antibody labeled with biotin and ELISA solutions. Let them for 60
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OJOph 20 minutes at 37˚C. Chromogen solution A and B added and incubated for 10 minutes at 37˚C for color development. The absorbance measured of each well one by one under 450 nm wavelength, which should be carried out within the 10 minutes after having added the stop solution. According to the absorbance value of samples, the concentration of the corresponding sample calculated with special software. The range of the assay was 10 -3000 pg/ml, the sensitivity was 5 -11 pg/ml.
Statistical Analysis
All data were analyzed with the SPSS version 16 (SPSS Inc., Chicago, IL, USA). Data were presented as mean ± SD (standard deviation). Results were compared by using parametric unpaired t test and Chi-square (X 2 ) to detect any difference in either demographic or clinical characteristics. Analysis of variance (one-way ANOVA) was performed to evaluate the differences among the groups and also to adjust the variables. Spearman correlation coefficients were compared to test associations between aqueous and plasma Hep levels. Pearson correlation coefficient was used to examine the association between variables. A P-value less than 0.05 was considered to be statistically significant.
Results
One hundred and five eyes of 105 patients, age ranged from 51 to 75 years, were enrolled in the present study according to the inclusion/exclusion criteria as described. There were 60 POAG eyes (glaucoma group), and 45 non-pathologic cataract eyes (control group). Table 1 summarizes the demographic and clinical features in studied groups. There was no statistically significant difference between the POAG group and the control group regarding age, gender and IOP (P = 0.535, P = 0.416, P = 0.681, respectively). As expected, cup/ disc ratio, IOP diurnal range, and mean deviation were statistically significant (P = 0.011, P = 0.013, P = 0.012, respectively). Table 2 shows ophthalmic characteristics of glaucoma patients, such as visual acuity or cup/disc ratio. Table also includes number of glaucoma eye drops, and the severity of visual field loss were mild (n = 18), moderate (n = 30), and severe (n = 12).
Aqueous humor concentration of Hep was significantly lower in the POAG group when compared with that of the control group (25.28 ± 23.06 ng/m1 vs 89.21 ± 14.25 ng/m1, P = 0.001) (Figure 1 and Table 3 ).
Hep concentration in plasma of the POAG group was increased but non-statistically significant when compared with that of the control group (425.36 ± 123.18 ng/ml vs 392.18 ± 142.15 ng/l, P = 0.376) ( Table 3) .
A significant correlation was found between plasma/ aqueous humor Hep concentration in POAG versus the control group (P < 0.001) ( Table 4) . Table 5 shows the correlation between Hep and severity of visual field loss in glaucoma group. No significant No. = Number, IOP = intraocular pressure, mmHg = milimeter mercury, VA = visual acutiy, LogMAR = Logarithum of minumum angle of resolution. 
Discussion
The pathogenesis underlying the development and/or progression of POAG remains unknown; there are many data that POAG is a disease involving retinal ganglion cell apoptosis [8] and abnormal extracellular matrix production [2] .
In the present study, we measured the aqueous humor and plasma levels of Hep in patients with POAG and cataract (control). In addition, we correlated their concentrations with the severity of glaucoma.
Hepcidin prohormone (Hep) is a hormone central to the regulation of iron homeostasis in the body. It is believed to be produced exclusively by the liver. Ferroportin, an iron exporter, is the receptor for hepcidin. This transporter/receptor is expressed in Muller cells, photoreceptor cells, and the retinal pigment epithelium (RPE) cells within the retina [9] . In addition, the study revealed that lipopolysaccharide-induced upregulation of hepcidin and consequent down-regulation of ferroportin was associated with increased oxidative stress and apoptosis within the reina in vivo.
Iron metabolism in the eye includes the regulation of glutamate production and secretion, glutathione (GSH) synthesis, and the activity of hypoxia inducible factor-1 (HIF-1). HIF-1 has been shown to have either a clinically or experimentally mediating or contributing role in several oxygen-dependent retinal diseases such as glaucoma [10] [11] [12] [13] . Iron catalyzed reactions have been linked to changes in lens DNA damage and cataract formation [14] . Alterations in the levels of proteins involved in iron metabolism in the neural retina of aging rodents suggest that de-regulation of the iron metabolism and the resulting accumulation of iron could be a causative factor in agerelated retinal degeneration [15] . Gnana Parksam et al. [9] found that Hep is expressed in Müller cells, photoreceptors, and RPE in an expression pattern similar to that of ferroportins.
In the present study, the concentration of Hep in the aqueous humor of the POAG group was statistically significant lower than that of the control group (25.28 ± 23.06 ng/m1 vs 89.21 ± 14.25 ng/m1). This is not consistent with Sorkhabi et al. [16] revealed that the mean aqueous humor Hep concentration in eyes with POAG was significantly higher than that controls (34.55 ± 23.01 ng/ml versus 20.82 ± 24.63 ng/ml). Our study found that plasma Hep level in POAG patients were higher but non-statistically significant when compared with the controls. This findings is in agreement Sorkhabi et al. [16] .
These findings may indicate a role of Hep on the tissues that are anatomically and functionally related to the glaucomatous optic neuropathy, which consequently, induce iron metabolism de-regulation and additive deterioration. Another potential explanation of our findings is that glaucoma medication causes the concentration of Hep to be lower. A third potential explanation for our findings may be secondary to a cascade of the higher IOP levels that glaucoma patients generally have. Despite there was no statistically significant difference was found for the mean IOP of both groups in the present, it can be assumed that the worse IOP characteristics of glaucoma eyes might account for the observed differences in Hep levels.
The results of the present study suggest that local Hep secretions may have a pathogenic role in POAG. However, we did not find any correlation for Hep levels either in serum or in aqueous humor, supporting the hypothesis that the mechanism of aqueous humor Hep regulation may be independent. It must be kept in mind that some protein levels may increase in glaucoma due to disturbance in the aqueous humor outflow. Another limitation is the effect of anti-glaucomatous drugs on free radicalinduced apoptosis, as well as the possible effect of these drugs on Hep levels.
The significantly lower levels of Hep in aqueous humor associated with non-significant serum changes could be attributed to enhanced intraocular synthesis. It may be explained that the Hep levels reflect increased protein turnover, which might play a role in the pathophysiology of POAG or result from the disease process.
The non-significant correlation between Hep levels with the POAG visual field loss at any stage may indicate absence of potential secondary consequences such as ischemia, hypoxia, or reactive oxygen species caused by glaucomatous damage.
In the current study, there was significant correlation between the aqueous humor and plasma levels of Hep results suggested that levels Hep in aqueous humor were related to breakdown of blood-retinal barrier and/or ocular blood. This correlation supported that Hep may be consequence with glaucomatous damage.
In conclusion, lower aqueous levels of Hep were found in eyes with POAG, compared with controls. Also, the present study revealed that intraocular expression of Hep may be associated with optic nerve damage. Although a causal relationship cannot be established by this study, our data may indicate a link between both and the glaucomatous process, or an association between glaucoma medications and decreased aqueous levels of these peptides. Further research will be needed to elucidate the potential role of these peptides in glaucoma and other ocular diseases.
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